FALBA, TRACY A. AND SUSAN H. BUSCH. Survival expectations of the obese: is excess mortality reflected in perceptions? Obes Res. 2005;13:754 -761. Objective: This study compared self-reported subjective life expectancy (i.e., probability of living to age 75) for normalweight, overweight, and obese weight groups to examine whether individuals are internalizing information about the health risks due to excessive weight.
Introduction
Recent research indicates that higher BMI levels are associated with a significant and substantial reduction in life expectancy (1, 2) . One study estimates that obesity reduces life expectancy by 5.8 years among nonsmoking males and 7.1 years among nonsmoking females (2) . A longer line of research has measured the increased mortality risk associated with BMI (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) . However, if individuals do not accurately perceive these health risks associated with excess weight, they may not be making decisions about their health and associated behavior with full information.
Despite extensive literature demonstrating the effect of obesity on mortality, individuals may, for several reasons, have inaccurate perceptions about the substantial increased mortality risk associated with their own unhealthy weight. First, the health risks associated with obesity have only recently garnered attention from the U.S. Surgeon General (15) and the American media. Second, individuals may find it difficult to translate information about health risks to an assessment of whether their own weight puts them at risk. This is particularly true if the high prevalence of obesity in the population leads individuals to assess overweight as normal weight. Third, in the absence of a specific diagnosis of a health condition associated with obesity, individuals may not perceive a risk associated with their own excess weight. Fourth, providers may not be conveying the risks associated with unhealthy weight to their patients; one recent study suggests that in 1996, only 42% of obese patients received advice from a health care provider about their weight (16) .
In this study, we considered a national sample of older Americans and compared the self-reported longevity expectations of normal-weight, overweight, and obese individuals (as determined by self-reported height and weight). We then considered whether (and how far) these estimates of life expectancy deviated from those in the medical literature (2) . If individuals are underestimating the risks associated with obesity, this suggests that increased dissemination of information (e.g., government-sponsored public service announcements, physician advice) may help to motivate individual participation in either formal or informal weight loss activities and, ultimately, improve health and quality of life.
Evidence suggests that, on average, individuals can reasonably predict their own mortality. In two distinct nonrandom samples, one researcher found that mean subjective life expectancies are somewhat consistent with current life tables, although subjective mortality curves tend to be somewhat flatter and exhibit greater variance than actual mortality data (17) . Schoenbaum (18) considered the effect of smoking and smoking intensity on longevity expectations. Using the same data as this study, he found that longevity expectations generally fell as cigarette consumption increased and that heavy smokers tended to underestimate their risk of premature mortality. In another study using these same longitudinal data, economists examined whether individuals updated their subjective probability of death due to changes in health behaviors or new health events. These researchers found that smokers who quit did appropriately decrease their probability of death. Moreover, they found that longevity expectations did respond negatively to serious new health shocks (19) .
To our knowledge, no one has analyzed whether individuals perceive the excess mortality risk of their own unhealthy weight. Using a large national sample of older Americans, we examined the association between weight and perceived health risk, as measured by an individual's subjective probability that they will live to age 75. This outcome measure allowed us to consider three important research questions. First, we estimated whether individuals perceived any excess mortality associated with obesity and whether this excess risk generally increased for those of increased weight. Second, we considered whether the decrease in longevity expectation associated with obesity still exists once we controlled for whether the individual was previously diagnosed with two highly prevalent health conditions known to be associated with excess weight [i.e., diabetes (5, 20) and hypertension (21) ]. Finally, although not precise, we compared the average change in self-reported expected longevity associated with obesity to the effect reported in the medical literature to see whether they are roughly the same order of magnitude (2) .
Research Methods and Procedures

Data
The data for this study came from the Health and Retirement Study (HRS), 1 a nationally representative sample of individuals born between 1931 and 1941 and their spouses (regardless of age eligibility). In 1992, the baseline wave questioned 12,652 individuals from 7702 households. Mexican Americans, blacks, and residents of Florida were oversampled. Baseline interviews were conducted in respondents' homes. The survey contains extensive information on individual's self-reported health behaviors, functional status, objective disease diagnoses, economic situation, and demographics. More detailed information on the HRS has been published elsewhere (22) .
Sample
Of the 12,652 individuals for whom information was collected, 9825 were age-eligible (51 to 61 years old). Proxy interviews were omitted (n ϭ 465), as well as individuals who did not report their subjective probability of surviving to age 75 (n ϭ 206). Because we could not determine whether their weight was caused by poor health, 119 (1.3%) individuals in the underweight category (defined below) were omitted, leaving a final sample of 9035.
We stratified the sample by both gender and current smoking status. The final analytic sample contained 2920 nonsmoking men, 3691 nonsmoking women, 1201 smoking men, and 1223 smoking women.
Measures
Outcome Variable: Individual's Subjective Survival to Age 75. Our primary outcome variable was an individual's report about their expectations of surviving to age 75. Individuals were asked, "What do you think are the chances that you will live to be 75 or more?" This measure has been validated in prior research. It generally operates like a probability, the average is close to average probabilities in the population (e.g., from national life tables), and it is correlated with other variables that have similar correlations with actual outcomes (23) .
BMI. BMI is a commonly used measure of weight adjusted for height (24) . We calculated BMI from individual self-reports of height and weight. Following the NIH Clinical Guidelines on the Identification, Evaluation, and Treatment of Overweight and Obesity in Adults, we constructed five weight groups: underweight (BMI Ͻ 18.5), normal weight (18.5 Յ BMI Ͻ 25), overweight (25 Յ BMI Ͻ 30), obese (30 Յ BMI Ͻ 35), and severely obese (BMI Ն 35). As reported above, we omitted the underweight individuals from the analyses because for this age group, being underweight may be the result of a health problem rather than the cause of any health problems (25, 26) .
Smoking Status. We defined smoking status based on individuals' response to the question "Do you now currently smoke cigarettes?" Among nonsmokers, a history of smoking was used as a control variable in the analyses.
Diabetes and Hypertension. Although the primary analysis included all participants regardless of history of diabetes or hypertension, we also considered whether disease status was driving our results. Diagnosis of hypertension was identified by the response to the question "Has a doctor ever told you that you have high blood pressure or hypertension?" Diagnosis of diabetes was identified by the question "Has a doctor ever told you that you have diabetes or high blood sugar?" Additional Covariates. Demographic control variables were also used in the analysis. These included education, age, race, ethnic origin, marital status, and household income. These variables are further described in Table 1 .
Analysis
We first estimated least squares regressions to test whether subjective expectation of survival likelihood was significantly different with successively higher BMI categories. In these analyses, the normal-weight group was omitted as the reference group. Because these results were not compared with the extant medical literature, we captured additional variation within the obese group by separating these individuals into two groups: obese and severely obese.
Initially, we estimated an unadjusted model where the four dichotomous weight variables were the only covariates. To test whether demographic variables were driving our results, we then estimated an adjusted model controlling for the demographic covariates listed above. In all cases, we used Student's t tests to determine whether the various Self-reported survival was reported on a scale from 0 to 10 and normalized to reflect a percentage likelihood. BMI was calculated from self-reported weight and height as BMI ϭ weight (kilograms)/height (meters) squared. Current and former smoking status were based on self-reports of either current smoking or a history of having smoked more than 100 cigarettes. Hypertension and diabetes were based on self-reports of physician diagnoses of the conditions.
Survival Expectations of the Obese, Falba and Busch weight categories were statistically significantly different from the normal-weight group. A final analysis obtained results while also adjusting for whether the individual reported that they had been diagnosed with diabetes or hypertension. Because much of the effect of obesity on mortality is affected by underlying disease (27) , adjusting for these factors provides an idea of the extent to which individuals account for the effect of obesity on survival only when it manifests in disease.
Next, we calculated the average subjective own probability of living to age 75 and corresponding SD for each of the three primary weight categories, by gender and smoking status. These values were then converted to risk ratios relative to the normal-weight category for each group. Confidence intervals (CIs) for the subjective risk ratios were calculated using the ␦-method to obtain the variance of the sample risk ratios (18) .
Because we were interested in comparing these values with the true mortality risk from excessive weight, we sought the closest available estimates of life table data stratified by weight for survival to age 75. We estimated actuarial probabilities of survival to age 75 from KaplanMeier curves reported by Peeters et al. (2) from the Framingham Heart Study data. These curves were reported by weight category stratified by gender and smoking status (2) . The Framingham Heart Study baseline data were collected between 1948 and 1951, and more than 40 years of follow-up data on age of death were available. This study differs from the HRS because survival was available conditional on reaching age 40, whereas the HRS age range was from 51 to 61 years. To obtain probabilities of survival that would most accurately match the HRS sample, that is, survival conditional on living to the mean age of 55, we divided the probability of surviving to age 75 conditional on reaching age 40 by the probability of surviving to age 55 for each of the four groups by weight category [Prob(surv 75/surv 55) ϭ Prob(surv 75/surv 40)/Prob(surv55/surv 40)].
Results
Sample Characteristics
In Table 1 , we report the descriptive characteristics of the sample. The average self-reported probability of surviving to age 75 was 64.3% for the full sample, ranging from 56.5 for male smokers to 67.2% for female nonsmokers. The average self-reported probability of surviving to age 85 for the full sample was 43%.
Thirty-four percent of the analytic sample were considered normal weight, 41.5% were overweight, and 24.5% were considered obese. Smokers tended to be less likely to be overweight or obese. Female nonsmokers had the highest rates of obesity, with over 29% reporting BMI of over 30, of which one-third were severely obese. Nearly 36% of the sample had been diagnosed with hypertension and nearly 10% with diabetes. Table 2 tests the effect of successive BMI categories on the subjective expectation of living to age 75 for each of the four subsamples. For this analysis, we distinguished among obese (30 Յ BMI Ͻ 35), severely obese (35 Ն BMI), and overweight (25 Յ BMI Ͻ 30). In the unadjusted model (column 1), all of the coefficients compared with normal weight were negative (as shown in Table 2 for the three weight categories). For the severely obese category, the coefficients compared with the normal-weight group ranged from Ϫ3.16 (not significant) for female smokers to Ϫ10.87 (p Ͻ 0.05) for male smokers.
Expanded BMI Categories
Adjusted Versus Unadjusted
Column 3 of Table 2 presents these same coefficients and Student's t tests for the adjusted model. The weighted intercepts for the normal group are different because in this case, they reflect the survival probability of a representative normal-weight individual. Overall, the coefficients changed very little, and the significance level was rarely affected.
Comorbidities: Hypertension and Diabetes
The final two columns of Table 2 show the regression coefficients when adjustments for the presence of diabetes or hypertension were added. As expected, both hypertension and diabetes each significantly reduced survival probabilities across subgroups. Although the majority of the coefficients are still negative, the effects of excessive weight were typically smaller. Severely obese male smokers continued to have an effect of ϳ7% compared with the normal-weight group. For male nonsmokers, the effect was also concentrated among those who were severely obese. Female nonsmokers had a smaller but still significant effect of being overweight, obese, or severely obese. No effects were present for the female smoker group. Because there is an established pattern between diabetes and obesity (5, 20) and hypertension and obesity (21), these results are not surprising. A portion of the effect of obesity on survival operates through obesity-related diseases. Tables  Table 3 compares the subjective own survival expectations of the HRS sample by BMI group with those estimates of actual risk in previously published studies. Similar to the estimated actuarial probabilities of surviving to age 75 (column 4), a monotonic pattern emerged for the subjective survival probability by weight group for each of the analytic subgroups (column 2). Higher levels of BMI were associated with lower own survival probabilities for all four subsamples (male nonsmokers, male smokers, female nonsmokers, and female smokers).
Comparison of Unadjusted Means with Estimated Life
Comparing the absolute subjective probabilities of survival with the absolute pseudolife table values (columns 2 and 3), subjective expectations tended to be somewhat pessimistic as a whole. However, this pessimism was least prevalent for the higher BMI groups. Assuming the values from the Framingham Heart Study were appropriate for this group, nonsmoking men who were normal weight were too pessimistic about survival, whereas nonsmoking obese men were only slightly pessimistic about survival (a difference of nearly 14% for the normal-weight group compared with only 1.5% for the obese group). A similar pattern was found for nonsmoking women. Both male and female smokers in the obese category were actually slightly optimistic about survival relative to the estimated life table value.
The risk ratios in columns 4 and 5 provide a relative comparison of the effect of BMI on subjective expectation of survival. This is useful if one presumes that pessimism was consistent across groups and that what really matters is the relative rankings of the groups. In all cases, the estimated actuarial risk ratio (column 5) for the obese BMI group falls outside the CI for the subjective risk ratio (column 4). For instance, the relative probability of survival of 79% for obese male nonsmokers compared with normal-weight male nonsmokers lies outside the range predicted from the subjective The first adjusted model includes controls for race, ethnicity, age, education, income, marital status, and smoking history. The second adds hypertension and diabetes history indicators.
¶The normal-weight group was the baseline for comparison with the other weight groups. For the adjusted regressions, this intercept represents a non-black, non-Hispanic individual in the Ͻ56-year-old age group with at least a high school education, household income more than $20,000, who never smoked, and is not married.
risk ratio of 93% (84 to 102, 95% CI). This would indicate that individuals of obese BMI are underpredicting the additional risks to survival posed by their weight.
Discussion
Comparing the longevity expectations of individuals with different BMIs, we found being overweight or obese had a negative and monotonic effect on self-reported longevity expectations, with obese individuals reporting between a 5% and 9% reduced likelihood of living to age 75. It was striking that in all four groups, the average subjective expectation of survival declined with increased weight even after adjusting for other individual characteristics (i.e., race, ethnicity, age, education, income, and marital status). In fact, we found little change in the estimates of longevity expectations when adding these additional covariates. Thus, it appeared that individuals did perceive some increased mortality risk due to weight.
Next, we considered whether being diagnosed with a disease associated with obesity is the mechanism explaining differences in longevity expectations. When we controlled for the presence of hypertension or diabetes, the effects of excess weight on survival expectations were somewhat reduced and often not significant. However, it is notable that after separating out the effect of suffering from hypertension or diabetes on survival expectations, individuals did continue to perceive some of the health risks associated with their weight. Although not presented here, we found that even after omitting individuals diagnosed with hypertension and diabetes, individuals perceived some increased mortality risk associated with weight, although again the magnitude of the effect was greatly reduced and often no longer significant. One interesting consideration might be whether obese individuals who have remained in otherwise good health until this age remain at greater risk for survival. Unfortunately, such specific life tables are not currently available.
In our final analysis, we then compared these estimates with published estimated life tables (2) . Although differences between the two samples limit the conclusions that Estimated life table probabilities were calculated from Kaplan-Meier curves reported in 2, which used data from the Framingham Heart Study. * Represents mean expected probability of living from age at time of interview to at least age 75. † Variance in survival expectations due to age and cohort differences across respondents. ‡ Represents actuarial probability of reaching age 75, estimated as probability of survival conditional on surviving to mean age of HRS sample. § Represents overweight/obese probability divided by normal weight probability.
can be drawn, we found that individuals significantly underestimated the mortality risk associated with obesity (with the true absolute risk difference being a reduction of between 17% and 22%). This false optimism was most pronounced among smokers who were also obese. Interestingly, previous research showed that heavy smokers were optimistic about their survival; that this optimism among smokers was concentrated in the obese weight category may suggest that information about the risks of smoking needs to be focused on this group. The results presented here should be interpreted with some caution. First, the comparison with published estimated life tables is not precise. To be most accurate, data on actual age at death would be compared with previously recorded longevity expectations. Another more valid comparison would be data from comprehensive populationbased life tables stratified by BMI. Neither of these datasets is currently available. We considered data from a published study that used comprehensive longitudinal data from a single age cohort. Due to differences in age range and cohort, these estimates were not perfectly consistent with our data. Moreover, compared with population life tables, these data were from a relatively small sample (N ϭ 3607) (2) . Thus, to the extent that the effect of increased BMI on life expectancy differs by age cohort, the estimates presented here may not be directly comparable. Although these problems may affect the magnitude of the effect, these biases would have to be severe for the qualitative results to change. However, other published reports have estimated the years of life lost to be smaller (1) .
Second, the measure of weight we considered (BMI) has several limitations. Although self-reported BMI is commonly used in the medical literature and has been shown to be correlated with true height and weight, data from the National Health and Nutrition Examination Study suggest that some reporting bias may exist (28) . Unfortunately, no direct measures of height and weight were available. It is likely that a systematic underreporting of weight among obese individuals would bias our coefficient on obesity downward. Specifically, some individuals who reported normal BMI may, in fact, have been overweight or obese. If they nevertheless accounted for their excess weight in projecting survival, this would, on average, have led to an understatement of the effect of excess weight. Theoretically, this is problematic for the comparison with life table estimates of the effect of weight on survival.
A final potential problem (common to all survey data) is that information regarding important confounding variables may be unavailable. However, we were reassured by the fact that adding basic covariates had little effect on our results. Most other variables correlated with both weight and mortality (e.g., cardiovascular disease, physical fitness) may play a role but might be best excluded when looking for the aggregate effect of obesity on survival expectations.
Although beyond the scope of this study, we did preliminarily examine the effect of disease not associated with obesity (e.g., lung disease). As expected, there was no effect on our primary results when this disease indicator was added to the model. Other variables related to obesity (such as cardiovascular disease) affected the models similarly to the adjustments for diabetes and hypertension. However, because part of the effect of obesity operates through these diseases, we prefer the partially adjusted results. This is also most useful for life table comparisons.
Conclusion/Policy Implications
Obesity and overweight have a high and growing prevalence in the population (29 -32) . According to one study, between 1991 and 2000, overweight and obesity among adults increased from 45% to 56.4% (31) . This emerging epidemic will yield significant losses in terms of morbidity and mortality, as well as associated economic costs (33, 34) . Many reasons for the increase in weight have been suggested in the literature; these include increases in sedentary occupations (35) , increases in the prevalence of fast food outlets (36) , declines in the availability of healthy food (36) , and the growing suburbanization of our society (37) . The research presented here suggests that education that increases an individual's knowledge of the health risks of obesity may be an important step on the path to individual adoption of healthy behaviors. Meanwhile, one recent study using the CDC's Behavioral Risk Factor Surveillance System suggested that less than one-half of obese patients received advice from their physician about losing weight (16) . This is in contrast to smokers. Based on data from the CDC's Behavioral Risk Factor Surveillance System in 1997, 70% of smokers received advice about quitting, conditional on having a routine visit in the prior year (38) . One would expect that underestimation of the health risks will reduce participation in activities that reduce weight or prevent weight gain. Thus, public policies to disseminate this information may be a critical component in any policy.
